June 3, 1952 

P. C. MICHEL 
AUDI0-FREQUENCY AMPLIFIER 
Filed Maroh 51, 1949 

2,599,271 

Z p l 1 l 

'7_ 13 Ch 

-Ae 9 
%I " %" 

VAU.UZ OF A 
I00 



Patented June 3, 10 2,599,271 

UNITED STATES PATENT 
2,599,271 
AUDIO-FREQUENCY AMPLIFIER 
Philip C. Michel, Schenectady, N. Y., assignor fo 
General Electric Company, a corporation of 
New York 
Application Match 31, 1949, Serial No. 84,698 
3 Claims. (CI. 179--171) 

1 
My invention relates fo alternating current 
amplifiers and has for ifs principal object the 
provision of an alternating current amplifier par- 
ticularly suitable for the amplification of single 
frequency alternating currents in the audio fre- 
quency range. 
In many applications of audio frequency alter- 
nating current amplifiers, such as in metal de- 
rection systems, cardiographic systems, or in high 
fidelity measurement systems, if is highly desir- 
able that the amplifier employed have sharp fre- 
quency selectivity and yet have good stability with 
respect both fo selectivity and amplification. 
Most amplifiers which have heretofore been em- 
ployed in these high fidelity audio frequency 
systems have utilized a combination of inductance 
and capacity fo accomplish the tuning function. 
Due fo the low efficiency, i. e., the high resistive 
comportent of inductive coils wound fo resonate 
ai low frequencies however, the resultant resonant 
circuit is of relatively poor frequency selectivity. 
If a regenerative type circuit is introduced fo in- 
crease the selectivity of the amplifier, this regen- 
eration, in turn, has the effect of appreciably re- 
ducing the stability characteristics of the ampli- 
fier with the result that such low frequency 
plifiers are either of relatively poor selectivity or 
of relatively poor stability. If is an important 
object of my invention, therefore, fo provide a 
low frequency amplifier which is both highly 
selective and stable. 
In fulfillment of this latter object, it is an addi- 
tional object of my invention fo provide a low 
ïrequency amplifier in which the tuning ïunction 
is accomplished without the use oï an inductive 
element. 
If is a further object oï my invention fo provide 
a highly selective audio ïrequency amplifier which 
is of simple economical construction and which 
utilizes commercially available component parts. 
In generai, my invention comprehends an 
plifier including a bridge-type feedback circuit 
in which the source of aiternating bridge voltage 
is developed across a pair oï impedance elements 
arranged to form adjacent arms oï the bridge 
and producing a pair of amplified voltages one 
of which varies in phase with the signal voltage 
and the other of which varies in opposition there- 
to. Tuning is accomplished by a series resistance- 
eapacity network and a parailel resistance-ca- 
pacity network cormected in series opposition as 
the balancing pair of adjacent arms oï the bridge. 
The impedance ratio of these resistance-capac- 
ity networks is adjusted fo balance the bridge at 
the frequency of the input signal. A fraction 
the voltage developed between the balanced points 
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2 
of the bridge at all other frequencies is degener- 
atively superimposed upon the signal voltage 
greatly fo reduce the gain of the amplifier at all 
frequencies remote from the signal frequency. 
5 In a preferred embodiment of my invention, 
the magnitudes of the impedance elements com- 
prising the bridge circuit are chosen fo cause the 
bridge fo be balanced when the resistance in the 
resistance-capacity networks is equal fo the 
10 pacitive reactance therein ai the signal frequencY. 
The novel features which I believe fo be char- 
aeteristic of my invention are set forth with par- 
tieularity in the appended claires. My invention 
itself, however, together with further objects and 
15 advantages thereof can best be understood by 
reference fo the following description taken in 
cormection with the accompanying drawing in 
which Fig. 1 is a circuit diagram of an amplifier 
embodying one basic form of my invention, Fig. 2 
20 is a circuit diagram of a modification of the basic 
amplifier of Fig. 1 incorporating certain improve- 
ments of mY invention permitting much greater 
 amplification and selectivity, Fig. 3 is a simplified 
bridge diagram explanatory of the operation of 
25 the tuning arrangement of the amplifiers illus- 
trated in Figs. 1 and 2, Fig. 4 is a schematic 
diagram useful in the explanation of the opera- 
tion of the circuit of Fig. 2, Fig. 5 is a representa- 
rive vector diagram of the degenerative feedback 
30 voltage produced in the circuit of Fig. 2 for rela- 
tive frequencies remote from the resonant fre- 
quency, Fig. 6 is a group of curves illustrating 
the selectivity of the amplifier of Fig. 2 as a 
function of amplifier gain, and Fig. 7 is a modi- 
35 fication illustrating a further arrangement for 
obtaining the proper bridge voltages. 
Referring to Fig. 1, I bave shown one emodi- 
ment of my invention in the form of a bridge 
type circuit in which an electric discharge device 
40 I, having a cathode 2, an anode 3 and a con- 
trolling electrode 4, is ifs central and controlling 
element. An alternating signal voltage, ein, is 
applied fo control electrode 4 through a high 
impedance element 5. The anode to cathode 
45 direct current circuit of the discharge device ! is 
connected in series opposition to form a pair of 
impedance networks Zc and Zb from a common 
connection conductor represented by grounded 
point 6 fo the cathode 2 and the anode 3 respec- 
50 tively. The cathode impedance network Z pref- 
erably comprises a pair of resistive elements 7 
and  connected in series, while the anode im- 
pedance network Zb preferably includes a resistive 
element 9 connected in series with a source of 
55 unidirectional current such as a battery ! 0. 
While hot imperative fo the operation of mY 
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invention, if is highly desirable for reasons fo be 
subsequently explained that the alternating cur- 
rent impedance of the cathode network Zc be 
equal to exactly twice the alternating current im- 
pedance of the anode network Zb so that the un- 
inverted alternating voltage developed af the 
cathode 2 is equal fo twice the inverted alternat- 
ing anode voltage. In the instant embodiment, 
this may be easily accomplished by employing 
resistors 7, 8 and 9 whose values are mutually 
equivalent. 
The tuning function of the amplifier is ac- 
complished by a series resistance-capacity net- 
work Z including a capacitor [[ and a variable 
resistor [2, and a parallel resistance-capacity 15 
network Z», including a capacitor [ 3 and a- vari- 
able resistor [4, connected in series opposition. 
from a second common connection conductor 
represented by balance point 5 fo the cathode 
2 and the anode 3 respectively. In ortier fo 20 
minimize tuning fluctuations due fo varying ex- 
ternal- conditions, capacitors   and  3 are pref- 
erably., of equal magnitude and identical con- 
struction,.and resistors 2 and 14 aè also pref- 
erably of equivalent value ant may be ganged 25 
fo vary together as indicatd by the dashed 
lines 16. 
Degenerative feedback from balance point 
to Che control electrode 4 is accomplished through 
a high-impedance element  Which, together 30 
with the high impedance eiement 5, functions 
as a .voltage dividing circuit fo impress a frac- 
tion of the voltage developed between points 
and 15 upon the control electrode 4. 
Referring fo Fig. 2, I have illustrated a modifi- 35 
cation of mY invention whereby  obtain greater 
amplification and other advantages A second 
electric-discharge device 8 having a cathode 
an anode 25 and a controLling electrode 2[ is 
connected as a-phase inverting amplifier between 40 
the :input signal voltage en and the controlling 
electrode 4 of discharge device [. A first direct 
currentblocking capacitor 22 is included between 
point [5 and the high impedance element [7, and 
a. second direct current blocking capacitor 23 is 45 
interposed between .the point of connection of 
high-impedance element [7 fo high impedance 
element 5 andthe control electrode 2[. These 
capaitors  serve fo prevent any direct current 
comp0nent of the signal voltage rom undesirably 50 
affecting the:0peration of the amplifier. A direct 
current retun resistor 24 is. also included be- 
tweên the controlting electrode 2[ and the cath- 
ode [ 9. A load resistor 25 and battery 15 are con- 
nected in series from the anode 25 fo the cathode 55 
18 and the amplified inverted signal voltage 
pr6dffcèd af .anode 25 is directly coupled fo the 
controllin-g electrode 4 of discharge device [. 
Because-of the phase inversion caused by the 
additional stage of amplification, if is necessary 60 
that,the position of the balancing arms of the 
bridge be interchanged if the proper phase re- 
lgti0n of the eedback voltage is fo be-main- 
taindd.: Thëefore, load impedance element 9 is 
cÖnnected from the cathode 2 in Fig. 2 instead 65 
of from the anode 3 as indicated in Fig. 1; while 
the impedance elements 7 and  are serially con- 
nected fr0m the anode 4 in Fig. 2 instead of from 
thecathode 2 as illustrated in Fig. 1. Similarly, 
the series resists.nce-capacity network Z is con- 70 
neCted  to the"anode  instead ofthe cathode 
wtïilWthe paràllel rêsistancé-capacity network 
Z is connêcted'tÒ-the cathode 2 instead o the 
anode 
In order to equalize the magnitudes of re- 

sistance in the resistance-capacity network 
throughout the tuning range, I also, preferably, 
include a potentiometer 26 connected in series 
between resistor - and resistor 4 and having 
ifs movable tap connected fo the balance point 
5. In all other respects, the circuit of Fig. 2 
is identical fo that of Fig. 1. 
The operation of my invention may best be 
understood by reference fo the basic circuit of 
my invention illustrated in Fig. 1 taken in con- 
junction with the simplified bridge diagram illus- 
trated in Fig. 3. eferring to Fig. 1, a varying 
signal voltage e is applied between the con- 
trolling electrode 4 and point 6 through the 
high impedance element 5. Due to the conse- 
quent current variation in the anode fo cathode 
circuit, a . varying voltage is produced between 
cathode 2 and point 6 which is in phase with 
the signal voltage, while a varying voltage 180 ° 
out of phasetherewith is produced betwen the 
anode S and point 6. The relative magnitudes 
of these opposing voltages is, of course, de- 
peldent upon the impedance ratio of the 
pedance networks across which they are de- 
veloped. The actual magnitude of thbsevoltages, 
however, is a fulction o the signal voltage, the 
amplification o ttie stage, and the amount and 
phase.relation of the eedback voltage super  
imposed upon the signal voltage through the re- 
sistance-capacitï networks Z and 
As best seen in Fig. 3, these resistance-capacity 
networks Zs and Z» are arranged to form the 
balancing arms of a "Wein bridge" circuit with 
the cathode Zc and the anode Zb impedance net- 
works. In ortier to tune the circuit fo the signal 
frequency, it is only necessary to adJust the 
relative values of resistive elements 
until the bridge is balanced for that frequency 
so that no current fiows through the oltage 
dividing impedances 7 and 5 (shown in Fig. 
connected between the balancing points 15 and 6. 
If will be understood, of course, that although, 
I preferably obtain adjustment of the resonant 
frequency by varying the value of the resistive 
components in these networks, the saine result 
canbe alternately'achieved by VarYing the ca- 
pacitance alone or both the capacitance and the 
resistance in each network. 
The only limitation which must b observed 
for the proper operation o my invention is that 
the values of resistance and capacitanCe be so 
chosen that the resistance in eah résistance- 
capacity network is equal fo .thë capaitive re- 
actance therein wtïen the bridge is blanced 
at a pa-rticular frequençy.. When this is the 
case, if will be appreciated thàt the voltage dé- 
veloped between the balalce poir/t  and6 
for alt frequencies remote from the reSonant 
frequency will-be 180 ° out of-phaë With fihe 
signal voltage. For frequencies ab0ve the signal 
frequency, the impedance of the sèries nëtort 
Z approaches, the value of thê icluded re  
sistive element 2while the impëdnce of 
parallel-network Z» approache zêo, With.thê 
result that the phase inverted voltgë applied " 
fo the parallel network determinêthe direction 
of the-current flow through the voltage dividï 
ing network conneced between  the balancë 
points . 5 ' and 6. Fr fréqUelicies below the 
resonant frequency, .the impedance of theseriè 
netvork Z approaches an infinite value while thë 
impedance of the parallél netw0rk, appoahës 
the vaue of-the included rèitivë elemen 
with the result-thatthe , phë Of thë voltage 
appïiedtÖ the parallel ' nètW0rk again deter 



mines the direction of current flow between the 
balance points 9 and 9. As a consequence, the 
voltage fed back to the controlling electrode 
4 for all frequencies off resonance is degenera- 
tire in character. 
This phenomena may be easily understood by 
considering the circuit conditions when the im- 
pedance ratio between adjacent arms of the 
bridge is 2--1, i. e., when the impedance of the 
cathode networks Zc is twice the anode net- 
work. Zb. For this particular operating condi- 
tion the bridge is balanced when the capacitor 
I! is constructed to equal the capacitor 3, the 
value of resistor 2 is adjusted to equal the 
capacitive reactance of the capacitor ! ai the 15 
signal frequency, and the value of resistive ele- 
ment 4 is adjusted to equal the capacitive re- 
actance of capacitor 3 ai the signal frequency. 
For this operating condition, the impedance 
of the series resistance-capacity network is 2o 
given the formula 
._-.[-] 
and the impedance of the parallel resistance- .25 
capacity network Zp may be round from the 
formula: 
 _ -[-] 
where r is the resistanee in the sertes braneh, 
rp is the resistance in the parallel braneh, and 
]/]o is the ratio of any frequeney remote from a5 
he resonant frequeney fo the resonant fre- 
quency. 
For the condition of resonance where 
-1; 1 
r,----r 2n f o c 40 
Z« 211--j] 2 
=-iï=ï 
and the bridge is balanced since 45 
Z 2 
=ï 
When the values of the high impedance ele- 
ments 17 and 9 are equal and are much greater 
than the values of resistive elements 12 or 14 50 
which, in turn, are much greater than the load 
impedance elements 7, 3 or 9, the overall gain 
of the amplifier is given by the formula 
eo A 

where eout is the output voltage, ein is the input 
signal, A is the amplification factor of the stage 
and B is the feedback factor which is given by 60 
the formula: 
B 2Z--Z, 
The operation of the embodiment of my in- 65 
vention illustrated in Fig. 2 is substantially 
similar to that of Fig. 1 with the exception of 
the additional gain resulting from the additional 
phase inverting stage of amplification. 
Referring fo Fig. 4, I bave shown a schematic 7O 
diagram of the amplifier of Fig. 2, in which 
I bave deflned the various voltages vectorially 
represented in Fig. 5. The gain of the amplifier 
of Fig. 2 for various frequencies off resonance 
can be computed by assuming a constant ampli- 75 
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rude of voltage eg applied fo grid 2 - of tube !8 
in order to give a constant output voltage, 
Cour, and by drawing them both as real vectors 
from an origin representing ground. As illus- 
5 trated in Fig. 5 for the case wherein the ampli- 
fication factor, A, of the amplifier is equal to 
4, the locus of the feedback voltage e developed 
between.points 9 and 6 of the bridge circuit 
for various frequency ratioi f//o, becomes a cir- 
10 cle whose diameter is elual fo the amplifica- 
tion factor A multiplied by the grid voltage 
eg. Because of the voltage dividing circuit com- 
prising equal resistors 7 and 9, the signal volt- 
age en is equal to twice the grid voltage e 
minus the feedback voltage eh; and .the locus of 
en, as illustrated in Fig. 5, becomes a similar 
circle spaced 2e away with its frequency scale 
otated 180 °. The vector, en, is shown for a 
frequency ratio of two, ]/]o--2,. and the ratio 
of output to input voltage for this example is 
approximatoly 3.8 af 50 degrees lag in contrast 
with an overall gain of 14 af resonance. 
The control of selectivity afforded by adjust- 
ment of the value of the amplification factor A 
is illustrated in Fig. 6 by three gain vs. rela- 
tive frequency curves for A=4, 14, and i00 re- 
spectively. 
As wfll be readily appreciated from an inspec- 
tion of the curves of Fig. 6, with a high ampli- 
fication factor A, a slight deviation away from 
the resonant frequency causes a relatively large 
degeneration of the overall amplification. With 
modern high gain electronic tubes, amplification 
factors far greater than 100 are easily obtainable 
with the resuit that an amplifier embodying my 
invention can be made highly selective. Although 
many other combinations may be employed, ex- 
tremely stable amplification is achieved by em- 
ploying identical capacitors || and |3, identical 
reslstors 12 and 14 and identical impedance ele- 
ments 7, 8 and 9 to produce a constantly balanced 
resonant condition of the bridge regardless of 
the ambient changes in temperature or other 
external influences. It wfll also be appreciated 
that an amplifier such as described abov¢ is 
easily and economically constructed from com- 
mercially available components and Can. be 
aligned with a minimum of test equipment. 
Although I bave shown a particular embodi- 
ment of my invention in which I utflize the anode 
to cathode circuit of an electric discharge device 
in order to obtain the pair of amplifled opposing 
voltages applied to the resistance capacity net- 
works, many other circuit arrangements fo obtain 
these opposing voltages will occur to those skilled 
in the art. One such arrangement, as illustrated 
in Fig. 7, is to utflize a transformer driven by a 
stage of amplification and having each hall of 
its tapped secondary winding respectively con- 
nected to the resistance-capacity networks. 
Itis to be understood that I do not wish tobe 
limited to the particular embodiment which I 
bave illustrated and that I intend, by the append- 
ed claims to cover all modifications as fall within 
the truc spirit and scope of my invention. 
What I claim as new and desire to secure by 
Letters Patent of the United States is: 
1. An alternating current amplifier circuit 
comprising a flrst conductor, an electric dis- 
charge device having a cathode, an anode, and 
a discharge controlling electrode, means to apply 
between said flrst conductor and said controlling 
electrode a voltage derived from an alternating 
voltage signal to be amplified, a flrst impedance 
network connected from said cathode to said first 



eonducto,:,second imDed_nae 
a-sonre ofunidirectionahvo!tge and connectd 
beeen ..sid. node .nd sid .:rst conucr 
wherebya .voltge js.produce.d in 0ne of 
pedance neworks aring . phase with.he 
signaLo he amplified and a..,voltage produced 
 .the..oçher. pedance netork varing .80 
degrees :oUOï-phase therewith, a .sec0nd_con- 
ductor,.a.series resistancecitFnetwozk con- 
neced.:Iromsaid secoçcoDductor.  the in- 
phase. olge producg..impedae network,...a 
parallel resisaecapcity .. nwork .connected 
from saidsoeond conductor.toaid 180 degee 
outofphase .voltage producing .pedance. - 
woçkmeas %o .adjust the«relae impedanceof 
thewo .resistance-capciy networks at a 
sied, feq-uency..component, of  signal.oltage to 
produceaezo..voltage-ai .said«frequncy hetween 
sad st.and,seoend couctors, the components 
oï ,sd-zesistance.capacity networks heing so 
chosen-that .the -resistane:in each network s 
equal  the capacitive reactce thereimat said 
fequency.whén the .ei.ritis in-saidrstgo- 
secondconductor «zero -voltage condition, and 
mes-fo ,,superpose degeneratively-up a 
signal, voltagaa fraction of the .voltage deeloped 
between said first and second conductors,t aH 
other reqnencies. " " 
ï2....,altenatg :o'arrent :amplifier circùit 
campring an..-.electric :oEsarge device-hving 
a»cathode, .an ade» and ,.at :-least -one .d.ischarge 
controlling,electrode, ast  common Connection 
cond.ucor,.a first pedance -network. C6nnecd 
ïromaid cthode.tosaid first.conductor, à second 
pedance-.:netrk.includg a s0urceof Ui- 
ectional .voltage and .conneoted :rom. said 
anode ,.to-.said first..conductor,, saidfirst. ped- 
ance networ having.twice, he-pance of said 
second. pedance-network,  -second common 
connectionïconduct0r,. à eries resitnce-c.paigy 
network, connected rom. sid .cathode ..to- said 
second conducr,  a parallel restance:caPacity 
network connected from said anode to said:second 
conductor, means  press an alternatg signal 
voltage ,between-said conroHing electrode and 
sidfirst conducter,-mea to deliver afracion 
of. the-voltage devloped--between said firs..and 
second ,conductors..to ;«sd. controllin ..electr0dC 

and me.anse,fo .¢ua!ize he.. 
the .¢ssnçe and çapacitie .racnçe 
said,stan¢r.capacity.networs ,a a.freqçcF 
comportent. 0f..a .signal volge : -ba!ançe.tthe 
5 voltages of said frequency on said:fistand 
conductors to te the. amp!ier:cirçt..aid 
frequency. 
..3. An «alternatg crnt .am!ffier  
cçmprg:anelectric schage deve havg.:«a 
lO cthOd, ,an node, ad at !ea,,oe :discge 
cont[ollg elctrode, a first commoncoe¢,tn 
coduco,, a -st. ped.aDc.e  netw9 k ... 
from. asid..çath0de to.aaid::st: coDduc,.$$ecpnd 
impedce netwoçk ;includg 
15 doe¢cçi0nl .voltge and Çonneced 
0de - .sÇ.id firs conduct0r,s.aid.first/impedance 
nêtrk .v  twce:te :,ê 
seçond..ipednçe ..neÇwork, ,a. seçod mon 
c0noeçtiOn c0nduçr, .a. seriÇs ress.tnrcR$.cty 
2o netwpk ç0nnected rom said.ane,:t0 aSdcond 
conductor, a parallel resistance«cP.aCy]:eok 
coected ïrom aid cathode  said second con- 
ducr, means including a,phase verting 
pfier to couple a váry sighal voltage  said 
2 controlling, electrode, .means to superae 
genezatively .upon .a signal oltage.:.açïractlOn.of 
the voltage developed between said st :d 
second conductozs, andmeans to equalize the 
ohmic magnitude ofçhe: résistance and capacitive 
30 reactance in both said-.res.stançe-capacity net- 
works at a frequençy:c0mponent oï a signal volt- 
age to balance the oltagesof said ïrequency on 
said first and second, cpdÇctors 
amplër .circuit to sa fr.equeDCy. 
85  PHIL -C.-MICL. 
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